V ertebral compression fractures (VCFs) account for approximately half of all osteoporosis-related fractures. 1 Bone turnover is typically greater in vertebral bodies than at sites with more cortical bone and is most quickly affected by the deleterious effects of certain drugs such as glucocorticoids. 2 The benefit of the existing antifracture therapies, quantified as the relative risk reduction (RRR) for fracture, is greater for VCFs than for other types of fractures. [3] [4] [5] Incident VCFs are typically diagnosed by radiographs or other types of spine imaging, in conjunction with a physicians' clinical assessment. Both the radiology test and physician office visit at which VCFs are diagnosed can be identified using administrative claims data. Thus, this data source might be useful to identify VCFs that are diagnosed in routine clinical practice.
Due to cost and feasibility concerns of conducting comparative studies using randomized controlled trial, observational studies using administrative claims databases have been used to evaluate the comparative effectiveness of different agents on the risk of fracture. 6 Because administrative claims databases collect data for the purposes of reimbursement and not clinical care, their validity to accurately identify specific medical events needs to be established. Past observational studies that have been dependent on use of administrative claims data to identify fractures generally have been limited to nonvertebral fractures given the lack of VCF validation studies. 6 Due to this evidence gap, we assess the accuracy of claims-based algorithms to identify both prevalent and incident VCFs. An algorithm to identify prevalent VCFs might be useful to identify a confirmed VCF as a risk factor for future fractures and to provide a mechanism to recognize osteoporosis. A claims-based algorithm that could identify incident VCFs would be useful to establish a temporal association between osteoporosis treatments and these fractures.
METHODS

Study Design
After local Institutional Review Board approval, we used administrative claims data from a large not-for-profit health care insurer with over 3 million enrollees to create a cohort of patients suspected to have a VCF based on administrative data. These data included inpatient, outpatient, and physician claims, as well as patient demographics. For each suspected VCF, medical records and radiology reports were obtained and used as the gold standard to classify VCFs as incident or prevalent. We examined various claims algorithms and examined their sensitivity, specificity, and positive predictive values (PPVs) to correctly classify incident and prevalent VCFs.
Eligibility and Identification of Suspected VCFs
Based upon the resources available to perform medical record review, we randomly selected 259 persons Ն18 years of age with a diagnosis code for VCF (Appendix 1). Claims from January 1 2003 to June 30 2004 defined the study period. The date of the first claim during the study period with a VCF diagnosis code defined the "index date." We also inspected claims data during a 12-month baseline period before the index date. Persons undergoing vertebroplasty or kyphoplasty procedures were excluded from the cohort (n ϭ 48), because we believed that undergoing this procedure was prima facie evidence of a VCF. Individuals with medical claims suggesting a malignancy were excluded (Appendix 1). Due to the large number of persons with pathologic fracture diagnoses (ICD-9 code 733.13) but no evidence of cancer in the claims data, we included this diagnosis in our screen for VCFs.
Radiology and Medical Record Reviews
After identifying patients suspected to have a VCF using the administrative data, the health care insurer requested radiology records from the appropriate treating facility and physician. All imaging reports (chest and spine radiographs, magnetic resonance imaging, computerized tomography, and/or bone scans) within Ϯ1 month of the index date were requested. Up to 3 requests, approximately 3-4 weeks apart followed by telephone calls to nonresponsive facilities, were made as needed. In approximately 20% of cases, physician offices also sent us medical records from office visits that supplemented the radiologic data.
Classification of VCFs
Radiology and medical records were independently reviewed by 2 investigators and VCFs were confirmed or refuted. The timing of confirmed VCFs was further classified as incident, prevalent, or unable to determine (UTD). A radiologists' assessment of the acuity of the fracture in the written radiology report was used as the gold standard to classify the timing of VCFs. When fracture onset was not specifically mentioned by the radiologist, the presence of bone edema on MRI, or physician office notes that documented a new VCF in conjunction with confirmed VCF on an imaging test, also satisfied the definition of an incident VCF.
Suspected VCFs for which there was no associated imaging test obtained were excluded from analyses of prevalent VCFs; these may or may not have represented a true prevalent VCF, but there was no way to confirm with radiologic data. For algorithms defining an incident VCF, these cases were included and but not classified as an incident fracture, because we assumed that an imaging test would be required to diagnose a new VCF. The timing of all other confirmed VCFs was classified as UTD. Discordance in record reviewers was adjudicated by consensus of a physician panel of coauthors.
Statistical Analysis
A global measure of medical comorbidity was quantified by the sum of 30 separate disease indicators based on the work of Elixhauser et al. 7 We then developed claims-based algorithms designed to identify a prevalent or incident VCF, with the goal of maximizing specificity and associated PPV. Our algorithms incorporated varying combinations of the type of medical claim with a VCF diagnosis (physician encounter, inpatient, or other), receipt of a prior spine imaging test, and whether or not they had a prior VCF diagnosis in the claims data during the baseline period.
As part of a sensitivity analyses, we used our preferred claims algorithm and varied assumptions regarding the acuity of the UTD VCFs. At one extreme, all UTD VCFs were considered as incident, and at the other extreme, all UTD VCFs were classified as prevalent. For each of these, and compared with a case finding procedure that accepted any VCF diagnosis on any type of medical claim, we quantified the sensitivity, specificity, and PPVs to correctly classify both prevalent and incident VCFs. Ninety-five percent confidence intervals were approximated using the binomial distribution.
Because these results might be used in future analyses to evaluate the comparative effectiveness of medications used to prevent VCFs, we used published formula 8 to evaluate the effect of misclassification of VCFs on various hypothetical RRR that might be associated with use of an osteoporosis medication. Assuming that misclassification is nondifferential (ie, unrelated to drug exposure), we estimated the hypothetical relationship between a true RRRs compared with the observed RRR under varying assumptions regarding the amount of misclassification estimated from our earlier analyses. SAS version 9.1 was used for analysis (SAS Institute, Cary, NC).
RESULTS
We identified 259 persons with a suspected VCF based on claims data. The mean Ϯ SD age was 62 Ϯ 12 years, and 56% were women. Based upon patterns of health services utilization in the 12 months before the index date, they averaged 9.5 Ϯ 9.9 physician visits per year. The mean comorbidity count was 1.9 Ϯ 2.0. For 10 (4%) of the persons with VCF claims, there was no spinal imaging performed within Ϯ1 month of the VCF claim. Because there were no radiology records to review and confirm cases, we excluded these cases from analyses of prevalent VCFs. They were included in the incident VCF analysis and classified as "not confirmed." For the remaining 249 individuals, we were able to obtain the desired medical and radiology records for 186 (75%) of persons. After medical record review, we confirmed 40 (22%) cases as prevalent VCFs and 63 (34%) as incident VCFs. For 25 (13%) of cases, we did not confirm any VCF. For the remaining 58 (31%) cases, we confirmed that there was a VCF, but the radiology and physician records were not able to evaluate whether the VCF was incident or prevalent; the timing of these VCFs was therefore classified as UTD. For the 161 confirmed VCFs, the type of imaging test used for VCF classification was MRI (33%), computerized tomogram scan (16%), bone scan (7%), and radiograph (45%). Table 1 shows the PPV of various claims algorithms that might be used to identify a VCF. As shown, a VCF claim of any type was able to identify a confirmed prevalent VCF with high PPV, but fewer than half of these claims identified an incident VCF. The PPVs of inpatient VCF claims were high but identified few VCFs. The PPV of an algorithm that required a radiologic imaging procedure followed by a physician claim for a VCF within 10 days was 59%. Shortening or lengthening this interval from 5 to 30 days produced similar results (data not shown). Additional variations that incorporated whether the patient had a prior claim for a VCF or a spine imaging test more than 30 days before the index date (indicating the availability of prior imaging for comparison) did not appreciably change our results and are not shown. Our preferred algorithm for an incident VCF combined a radiologic test followed within 10 days by a physician visit with a diagnosis of VCF, or a hospitalization with a VCF diagnosis in the primary position; the PPV for this algorithm was 61%. Table 2 further describes the diagnostic properties of our preferred claims-based algorithm, varying our assumptions regarding the 58 fractures for which we could not classify acuity. Depending on how these fractures were handled, the PPVs ranged from 74% to 42%. Table 3 shows the effect of misclassifying VCFs on the RRRs that might be observed with use of an osteoporosis medication. Due to the misclassification of VCFs, all observed RRR were closer to the null compared with the true RRR. As misclassification increased (ie, the PPV decreased), the magnitude of the difference between the observed RRR and the true RRR also increased. 
DISCUSSION
We found that a medical claim with a diagnosis code of a VCF had a high PPV to identify a confirmed clinical VCF. However, fewer than half of these fractures were new VCFs. A more specific claims algorithm that required an imaging test followed within 10 days by a physician office visit with a diagnosis of VCF, or a hospitalization with a primary diagnosis of VCF, resulted in a higher PPV (61%). The PPVs of this algorithm to identify incident VCFs may have been higher (up to 74%), depending on the assumptions regarding the timing of the VCF.
In terms of study strengths, in contrast to other fractures such as hip, 9, 10 there has been limited evaluation of a claimsbased definition for accurately identifying clinical VCF. Moreover, we had a sufficient sample size that allowed us to compare various permutations of claims-based algorithms to classify VCFs. As a possible limitation, our approach to classify incident VCFs may have been overly conservative and thus yielded lower PPVs. In large osteoporosis cohort studies, the occurrence of new back pain with an x-ray showing a vertebral fracture satisfies the definition for an incident fracture, even though these 2 elements might be unrelated to one another. Thus, the true PPV for incident fractures associated with our preferred claims algorithm could be closer to 75%, as shown in Table 2 . We also lacked sufficient statistical power to identify recurrent incident clinical VCFs; future studies that use claims data to differentiate a second new VCF as separate from follow-up visits for the first new VCF are needed.
In conclusion, we examined the PPVs of several claims-based algorithms to identify prevalent and incident VCFs. These algorithms are likely to be useful in future studies to identify a prevalent VCF as a risk factor for a future fracture or as a marker diagnostic of osteoporosis. Although even the most specific algorithms will modestly misclassify incident VCFs, these results may be useful in future observational studies to evaluate the effectiveness of osteoporosis medications on the risk of a new VCF. 
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